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2. New quantitative methods for determining the structure of materials in electron microscopy

Pedepar:

1. Inceprariiina po60oTa IpucBIYeHa po3po0dIii METOANKY MaTeMaTUYHO BU3HA- YEHOI KiJIbKiCHOI XxapaKkTepusariii
CTPYKTypHY Marepiaja 3a Horo ejIeKTPOHHO- MiKPOCKOIIIYHMM 300paskeHHSIM. Y poOOTi BUKOHAHA afanTallis
MaTeMaTU4HOI MOJeJli MyJIbTU(PPAKTATIBHOrO (POPMaIi3My [1J11 BU3HAUYEHHS KiJIbKICHUX XapaKTePUCTUK 300pakeHb
CTPYKTypY Ma- TepiaJiB, i Ha ii OCHOBI po3po6JIeHO BifIOBiIHE TpOrpaMHe 3a6e3MeYeHHs, sIKe A€ CTilKi
pe3yJbTaTH iX 064ncieHb. Bucoka MpoayKTUBHICTh pO3p006IeHOr0 IIPOrpamM- HOro 3abe3redeHHs JOITyCcKae
IIPUHLUIIOBY MOXJIMBICTb BKJIIOUEHHS ii 710 iCHYI0UMX IPOrpaMHUX aKeTiB 0OPOOKY €JIEKTPOHHO-MiKPOCKOIIYHUX

300pakeHb B PE>KUMIi peasbHOTO 4acy, B TOMY YHMCJIi O IIPOrPaMHOro 3a6e3MedyeHHs, SIKe BOyJOBaHO B €J1€- KTPOHHI



MiKpoCKoOIH. 3a JOTIOMOrOI0 IPECTaBIEHOI METOIUKU 3 MeTOI0 Bepu(ikallii Mogesnen i po3- pobaeHoro
[IPOrPaMHOr0 3a6e3IeyeHHs IPOBEIEHO AOCTiIKEeHHS OTPUMaHUX MYJib- TU(QPAKTAIbHUX i Pi3nyHuX
XapaKTepUCTUK rapsiyernpecoBaHux KoMno3uTiB AlB12- AIN, sike mo3BoJisie 3pO6MTH BaskKJIMBUI BUCHOBOK IIPO Te, 1110
3 Qi3MYHMMU XapaKTe- PUCTMKAMU MOXYTb OYTH TOB'SI3aHi HE TiIbKU MyJIbTU(PAKTAJIbHI XapaKTEPUCTUKU
300pakeHb CTPYKTYypHU (a3, aze i MylbTU(PAKTaIbHI XapaKTEPUCTUKU BUIEHUX HA HUX CUCTEM IpaHulb (TpaHULb
3epeH, r'paHullb a3 — B 3aJI€XKHOCTI Bifl JOCTiIKy- BaHOro Marepiainy). OTpUMaHO pe3yJbTaTi PO3PaxXyHKiB
(paxTasbHUX XapaKTepPUC- TUK IJIIBOK XPOMY, OCAIPKEHUX B aproHi TP 3MiHi TeMIlepaTypu OCa/I)KEHHs Ta B
3aJIEXKHOCTI Bill OJAHKIB KUCHIO. [IoKa3aHa HasBHICTb KOpeJIALii (ppaKTasbHOI PO3- MipHOCTI Ta (Pi3sMYHUX
XapaKTePUCTHK ILTIBOK XpoMy — TBepzicTio H Ta HaBeieHUM MopnysieM npy>KHOCTi (12 ) r E = E — 0. [JocuTh BUCOKUY
CTYIIiHb KOPEJIsiLii CIIOCTepi- ra€ThCs SIK IPU OOUMCIIEHHSIX (PPaKTalIbHOI po3MipHOCTI ItomuHu ¢oTtorpadiit, Tax i
IJIs1 CUCTE€M BUIIJIEHUX FPaHULb. KIl04OBi C10Ba: €J1IeKTPOHHO-MIKPOCKOIIIYHE 300paKEHHS], CTPYKTypa Ma-

Tepiajy, ME>XXU 3€PEH, KiJIbKiCHa XapakTepu3allis, (ppaKTaabHa pPO3MipHICTb, My- JIbTU(PPAKTAIbHI XapaKT€PUCTUKU.

2. The dissertation work is devoted to the development of a methodology for a mathematically defined quantitative
characterization of the structure of a material based on its electron microscopic image. In the dissertation work,
the adaptation of the mathematical model of the multifractal formalism to determine the quantitative
characteristics of images of the structure of materials is carried out. The corresponding software, which gives
stable calculation results, has been developed based on this adaptation. The high performance of the developed
software makes it possible, in principle, to include it in existing software packages for processing electron
microscopic images in real time, including the embedded software of electron microscopes. Using the presented
technique, a study of the obtained multifractal and physical characteristics of hot-pressed AIB12-AIN composites
was carried out in order to verify the adaptation of models and the developed software. These studies allows to
draw an important conclusion that physical characteristics can be associated not only with the multifractal
characteristics of images of the phase structure, but also multifractal characteristics of the boundaries cut out on
them (boundaries grains, phase boundaries — depending on the test material). The results of calculations of the
fractal characteristics of chromium films deposited in argon with a change in the deposition temperature and
depending on the addition of oxygen are presented. It is shown that there is a correlation between the fractal
dimension and the physical characteristics of chromium films — the hardness H and the reduced modulus of
elasticity (12)r E = E - 0. A high degree of correlation is observed both for calculating the fractal dimension of the
micrographs themselves, and for systems of distinguished boundaries. Keywords: electron microscopic image,
material structure, grain boundaries, quantitative characterization, fractal dimension, multifractal characteristics
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